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The Present “Small Wheels” (9m Diameter)

(UNeed New Detectors that participate in the Levell Trigger by providing a vector
with ~1 mrad resolution
(Need to handle considerably higher rates at L = 5x10e34
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The Problem with High pT Triggers

Small Wheel

Big Wheels

7m

Current Endcap Trigger
QOnly a vector BC at the Big Wheels is

measured

14 m

OMomentum defined by implicit
assumption that track originated at IP
ORandom background tracks can

easily fake this
November 4, 2011

Big Wheels

Small Wheel

IP 7m 14 m

ProposedTrigger
dProvide vector A at Small Wheel
OPowerful constraint for real tracks
QWith pointing resolution of 1 mrad it
will also improve pT resolution
QCurrently 96% of High pT triggers

have no track associated with them
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The Micromegas Option
and what is required from the Front End

 Many good characteristics

— Able to operate in high rate .. / i HvY
environment
— Detector efficiency ~99% § )
— Spatial resolution 80 um j E
— Time resolution 5 ns ;  Woomesh || gl?
$ % : HV2
— Level-1 trigger capability 18 i ‘”T L
e Signal Processing requirements T ==
— Charge measurement for precision ’1 L1
charge interpolation (a la CSC) for _J_ J A
shallow incidence angles
(resolution degrades as tan0) " a |
— Time measurement with resolution v
of ~2 ns for the micro-TPC mode _ _
appropriate for large incidence aStrip Capacitance ~200 pF
angles aDynamic range ~400 fC

Qlntegration Time 50-100 ns
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Front End Requirements for the TGC Option

sdeliSidann

== QDetermine Position by charge interpolation
QFor Trigger, use Discriminator outputs and
Time-over-threshold as a measure of charge
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AStrip Capacitance ~200-300 pF
AdDynamic Range ~2 pC
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The Challenge (micromegas case)

The Small (~¥0.5 mm FWHM) charge footprint of the uMegas
Detectors results in excellent position and double track resolution

Results in a very large number of channels (order 10°)
Two Functions of the Readout:

o Provide Precision measurement of charge and time at Trigger Level 1 accept
o Provide in real time vector with ~1 mrad resolution to assist Trigger Level 1

First task relatively easy to accomplish by highly multiplexed, data driven
system

Custom front end ASIC being under development
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Block Diagram of the IC being designed

Level 1 Accept

L1 BCID
R/W Address
Logic ‘
Q1
R Q D Q Q2
CLK J><*
SIA A
Strobe
12-bit counter
BC Clock BCID —
BC Reset ]
Buffer >
Input Charge Range Stop 32 bits

4-bit ADC  |—>
0.11,0.33,1.0,2.0 pC e —I x16

Peak Detected Fine Time 1.5 ns
Start

y—‘—\ PD/TD - 3
1 ime 10-bit ADC  frp|
—>»| CA > SA Peak Amplitude To SRS
Capacitance PeakTime
2pF - 200pF  25,50,100,200 ns DsSC Strip ADDRESS
6-bit >
¥ Triaaer 1 Address
geigbllbor 'I)Uql'g out
*64 channels (strip/chip)
- adj. polarity, adj. gain (0.11 to 2 pC), adj. peaking time (25-200 ns) Readout at L1 Accept
» derandomizing peak detection (10-bit) and time detection (1.5 ns) No Problem

* real-time event peak trigger and address

* integrated threshold with trimming, sub-threshold neighbor acquisition Zero-suppressed, already

« integrated pulse generator and calibration circuits digitized, much of DAQ
- analog monitor, channel mask, temperature sensor already on Front End IC
* continuous measurement and readout, derandomizing FIEQ .

. fev?vr%weﬁé’r channel, chip-to-chip (nelg%r'cgr) communication, T\?ﬁép interface



Timing Diagram

40 MHz ——
LHC CLOCK ‘ ‘ ‘ ‘
S TR TFTIXTATTN

N F
FAYE! 2 VI WL S
"\‘ N

Signal

Peak Detect

Q1

TAC STOP Q2

BCID X X Bop XX X
Tac | —

—y = Fine Time to next BC

40 MHz BC clock convenient for LHC but any clock can be used to related hit with trigger accept
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For a TGC-based Trigger/DAQSystem

Level 1 Accept
I
L1 BCID
R/W Address
Logic ‘
Q1
R Q D aql92
CLK (>%
S A A
Strobe
12-bit counter
BC Reset \
5
Peak Detected ine Ti Buffer To SRS
Input Charge Range Stop Fine Time 1.5 ns 32 bits
0.11, 0.33, 1|.0, 2.0pC start| TAC I 4-bit ADC [—P x16
| | PD/TD — -
1 ime 10-bit ADC  jrip-|
—» CA > SA Peak Amplitude
Capacitance PeakTime x
2pF - 200pF  25,50,100,200ns | DSC Strip ADDRESS
6-bit >
/ \ | e k Address
LVDS QUT ~ Neighbor " out ot
Enable
(strip/chip)

For TGC there will be fewer (16 or 32) channels with LVDS outputs of individual discriminators
Allhotherfeatunes remain the sameeneric R&D meeting - V. Polychronakos 9



Functions
enwencktki di ART ¢ common
* temperature monitor
* pulse generator (10-bit adjustable amplitude)
« coarse threshold (10-bit adjustable)
07,5663 * self-reset option
l _ « analog monitors
* analog, trim thresholds, BGR, DACs, temp.
* analog buffers
* analog section
flag « charge amplifier (200pF), high-order DDF shaper
? * adjustable polarity (negative, positive)
neighbors trigger acquisition tstop ﬂf *gain: 0.5, 1, 3,9 mV/fC (2, 1, 0.33, 0.11 pC)
(channel or chip) enable ampl * peaktime: 25, 50, 100, 200 ns
— « test capacitor, channel mask
addr * discriminator
— * trimmer (4-bit adjustable, 1ImV)
* sub-hysteresis pulse processing option

* neighbor logic on channels and chips (ch0, ch63)
* peak detector multiphase
* time detector

* TAC ramp (selectable 100, 200, 500, 1000 ns)

* start at peak-found

* stop selectable (ena-low or stp-low)

* ART
* address of the first event in real time
* selectable at first threshold or at first peak
« self-resets in 40ns
Modes of operation « fflag indicates event
* address available at fa0-fa5
* acquisition: events are detected and processed (amplitude and timing) - timing per channel

» charge amplification, discrimination, peak- and time-detection * available for channels 0-7 and 56-63
« address in real time (ART) of the first event + rendout selectable between ToT and TtP
* direct timing (ToT or TtP) per channel for channels 0-7 and 56-63 + flag at first peak indicates events to readout
* readout: sparse mode with smart token passing (amplitude, timing, addr.) :;‘rf;fﬁlm:';jggﬁlteo:f;dp:s“”g (skips empty chan.)
* configuration: access to global and channel registers « timing available at tdo
November 4, 2011 Generic R&D meeting - V. Polychronakos ~ *address available at a0-a5 BROSKHAVEN

NATIONAL LABORATORY
) instrumentation Division



VMM1 IC SPICE Simulation performance

Analog section: Charge Resolution
transistor-level simulations
power = 4 mW

5k

Q,,.,= 330fC

max —

Pulse Response

Q.. =300 fC
/ x

\

/ \ 100ns
j" \ 2.0

; _// /

0 timem[ns] 150 —

50.0 150

0 Cin [PF] 200

\

peaktime 25ns

3.0

50ns

ENC (e")

Amplitude [V]
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Analog section - simulations 2/2

without and with RC parasitics

shaper output

charge amplifier output

Q=800fC, G=1mV/fC, C,;=200pF

50.0 100.0 150.0
time (ns)

adjustable peaktime

Q=800fC

adjustable gain

Q=100fC

.5
time (us)

100.0 150.0
time (ns)

adjustable polarity

Q=800fC

100.0 150.0
time (ns)

BI'I(IEIE(III-'AIEII!Y
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PE——

Peak and time detectors - simulations

without and with RC parasitics

pulk/ tdo
4—#‘/\1

threshold

peak found

150.0 200.0
time (ns)

TAC stop signal at 150ns (not visible); timing at peak found (low time walk)

B ins
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System-level simulations 1/2

azd_wen

wen
ena

a2d_ena

azd_prst rst

ck

pulser ck

timing ck (for counter)
readout ck

a2d_ck

az2d_pck
azd_tck
azd_rek

azd_iena

internal enable
token input
ART flag
000000 ART address 000000
flag
000000 address ' -

a2d_iki
a2d_flag
FA

a2d_flag

A

]
]
]
]
]
]
]
]
]
]
]
]
]

v 1V, tran (V)

threshold

ART1at threshold (selectable)flagatpeak BROGKHAVE
A0 B mramentaon ison




System-level simulations 2/2

a2d_wen wen

€na

a2d_ena

azd_prst rst

ck

pulser ck
timing ck
readout ck

azd_ck

azd_pck
a2d_tck
azd_rek

azd_iena

internal enable
token input
ART flag
000000 ART address oot 45
flag

dwr-ess 100000 010000 110000 001000 101000 011000 111000 100100 010100 110100 001100 101100 011100 111100

1 3 5 7 9 11 13 15

azd_tki
azd_fllag

F&

]
]
]
]
]
]
]
]
]
]
]
]
]

threshold

channels 2, 4, 6, 10, 12, 14 exceed threshold; neighbors are collected |
channel 45 hits 2 ns earlier than others (ART) S
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Pinout

* 176 pins (44 each side)

* Vdd,Vss: analog supplies 1.2V and grounds OV

* Vddd, Vssd: digital supplies 1.2V and grounds 0V
* Vddp0-Vddp3: charge amplifier supplies 1.2V

* V600m: reference for LVDS 600mV

* i0-i63: analog inputs, ESD protected

* mo: monitor multiplexed analog output

* pdo: peak detector multiplexed analog output
* tdo: time detector multiplexed analog output

* flag: event indicator
* a0-a5: multiplexed address, tristated (driven with token)
* ttp0-ttp7 and ttp56-ttp63: ToT or TtP

* fflag: ART event indicator
* fa0-fa5: ART address output

* stp: timing stop
* sett, setb: ch0, ch63 neighbor chip triggers (bi-directional)

* ena: acquisition enable
* ena high, wen low: acquisition mode
* ena low, wen low: readout mode
* ena pulse, wen high: global reset
* wen: configuration enable
* wen high: configuration mode
* wen pulse: acquisition reset
* ck: clock
* in acquisition mode ck is counter clock
* in readout mode ck is readout clock
* in configuration mode ck is writein clock

* tki, tko: token input and output (3/2 clock wider)
* di, do: data configuration input and output (1/2 clock shifted)
* in acquisition mode di is pulser clock

BROSXHAVEN
NATIONAL LABORATORY
‘ Instrumentation Division



‘Scheduleand status
. schedued  completd

Analog section Jan 2011 February 2011
Peak/time section March April

Common circuitry April May

Digital sections May July

Physical layout July October
Fabrication September Queued for November 7th

* technology IBM 8RF CMOS 130 nm
*size 5.9 mm x 8.4 mm (~50mm?)
 pads count 176, package LQFP 176

* fabrication cost (MPW MOSIS) ~ $150k

* next available runs:
* November 7th, 2011
* February 6", 2012

November 4,2011 ‘Generic R&D meeting - V. Polychronakos BROOKHEUEN

NATIONAL LABORATORY
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Summary

] Data driven, peak and amplitude detection, on-chip ADC and
derandomizing buffers result in efficient DAQ with low data volume
(essentially a “DAQ in a chip”)

J Prototype has all Basic Functionality for both mMegas and TGC

. Has all 64 channels (16 for the TGC option) as required for the final
version

 This is important for demonstrating the critical trigger functions
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BUT, How about Trigger?
Need to process in Parallel at 40 MHz

How can we take advantage of the 0.5 mm strip pitch?
Assume that we use ONLY one hit (the strip with the first arriving signal above a set
threshold) from each 64-channel chip at each bunch crossing

This way:
(JWe have a trigger system with granularity of 3.2 cm (64 channels x 0.5 mm) BUT
JWith spatial resolution ~ 0.5 mm

dWe now have to deal with ~30,000 channels and not 2 million
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But are we paying a price for this? i.e.
efficiency loss?

Consider worst case at = 2.4:
Rate r = 10 kHz/cm?, strip length | = 50 cm, strip width w = 0.5 mm

Occupancy/BC = rlwt = 6.25x10™*

- Probability per Front End IC [%]

Probability per Chip Probability per Chip Probability per Chip

# Hits per Bunch Crossing  per 3 Bunch Crossings per 5 Bunch Crossings
0 96.1 88.7 81.9
1 3.8 10.6 16.5
>=2 0.1 0.6 1.6
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Toy Monte Carlo

10 cm
20em -—---—-—-—-————-—
25 cm

Strip pitch = 0.5 mm

=Take strip with earliest time and
charge over a certain threshold as

the track

’'s coordinate

- - -4 mm

Reconstruct track and compare slope with the generated one

No transverse diffusion considered but effect is negligible for the first arriving cluster

22
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Distributions of MC generated

Sanity Check

| R I
[ Number of primary ionization clusters | poisson [ charge distribution | landau
Entries 8000 Entries 8000
> E Mean 13.01 > = Mean 30.48
§ 900 RMS  3.455 = 450 RMS  16.09
- Qo g
] E o E
g 800 § 400F
“ 700E = 350
600 300
500 250
400 200F-
300 - 150
200F 100F
100 s0F-
[} = P IR L VPN I I I W NI W W E.,.|.,.|...|.,. ollanaflanallaonoa
0 10 20 30 40 50 6(_) 7(_) . 80_ 90 100 o( 20 80 100 120 140 160
Number of primary ionization clusters Number of total ionization electrons
| error in hit position | xerror | time of earliest arrival | timehist
Entries 7999 Entries 7999
B00— Mean 0.2726 800— Mean 8.678
g E RMS 0.1962 ? RMS 9.025
8 o 3
2 7001 81600
[ [
= 600 24400
so0F- 10° tracks 1200 , )
S 1000 Earliest arrival
400
E 800 1 OO traCkS
300 -
= 600
200 = 400—
100 :— 200 :_
:|||||||| oo o b s b Lo g g by aa g ey :lll 11 ser Lo o Lo o by o by g by by o Ly
o(. 0.5 1 1.5 2 25 3 3.5 4 4.5 5 o( 20 40 60 80 100 120 140 16 180 200
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Time of earliest strip with g>thresh(2e)
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Position and Timing Resolution as a function of
incidence angle

| Resolution for different track angles | |T_ime of earliest arrival |
u 7000}
2500 r|€——
- <&—40 deg C 40 deg
6000
2000 S
frﬂ 5000
1500 ;—_.-r'l 4000
n - 30 deg
1000 3000ET.
= 2000 —I_L 20 deg
500 — =
1000— 10 deg
1 1 1 | —— l L L L L l L L L 1 1 E |
00 05 1 15 2 25 F T | ) S A === = = — e | TR W T A N W | IR

|
70 80
First cluster time [nsec]

e
—
=
N
o
w
o
B
o
(1]
o
=24
o

Resolution [mm]

QAverage spatial resolution below 0.5 mm for all angles in Small Wheel acceptance
QTime of first cluster above threshold mostly below 25 nsec

QRequiring, e.g, 3 out of 4 detectors to be within a BC should result in ~100% efficiency
QAddress of strips can be directly used in a lookup table (e.g. Content addressable
memories similar to FTK
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Slope resolution [mrad]

2.5

November 4,

Slope Resolution

|IIII|IIII|IIII|IIII|IIII

1 1 I L L 1 1 I 1 1 1 1 l 1 1 1 1 I L 1 1 1 I 1 1 1 | I 1 L 1 1 I 1 1

10 15 20 25 30 35 40
Angle of Incidence [degrees]
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Trigger/DAQ Block Diagram

Data Router

DCS (160 Mbps) SECTOR

LOGIC

2.24 Gbps

TTC (640 Mbps) >

SRS (320 Mbps)

GBTx Gigabit Transceiver O
Chipset being developed at W,
CERN, will combine gV

Data, TTC, DCS on a single fiber /]

aBTx |O)

4.8 Gbps
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Level-1 Latency - LAr

CTP Output Latency
Reference 76 BC

LLvel-1 Latency - SCT

0 20 40 80 80 100 Time(BC) 120
0 0.5 1.0 15 2.0 25  Time (us) 3.0
Latency27Jul2010
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. e O o 30 E-Links @ 80 Mbps each

200 MHz Clock

STROBE OR

Hit Present

DCS
Data
Level 1 Accept

On-Detector Card

6 bit prompt strip address £ 2
T 7]
- =
5 bit IC address per plane -
G
Up to 4 hits per plane
P .IO P —
transferred in 2 BC
«—t @
A Custom Digital IC the .
likely implementation
0—f
— o
[ J
5-bit IC addr. 6-bit Strip Address
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TRISTATE BUFFER
/ ENABLE
\ » -
RESET
TRIGGER Q a | a .smoae>
1032 ggr
A T |32—5 [1 5— 32 LA A T
~ pRIORTY |/ | pecooeR l o 200 MHz CLOCK
®_|_  s0MHz
— BCCLK

(]
Next Highest
Chip with Hit 40 MHZ LHC CLOCK —1 | f_

® Trigger Bit of jth Front End IC // / // I
C fer 2 add 1 BC e
*Can transfer 2 addressesin 1 B

. . | |

*If 2 parallel paths each handling 16 chips  Tristate Bufier Enabke jin ic
then 4 hits can be moved in 1 BC STROBE into SER l |
*|s 200 MHz clock too aggressive? (long —
~0.5 m connections) Trigger Bit of kth IC e _‘|—
.Dev%lo(\?gmgé’lr%ggm dlgltal ASIC? Generic R&D rﬁ'éé"%’%Q‘-"V.’%"r‘S%%ka

STROBE into SER *23_‘—



The Content Addresseable Memories
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(From Mel Shochet FTK)
Two time-consuming stages in tracking

* Pattern recognition — find track candidates with enough Si hits

FPATTERN &

PATTERN 4
PATTERN 2 S
PATTERN 1 PATTERN 3 PATTERN N ,‘
| L)
HIT #1447 ? j (L &
. ) ‘ p sse e .
4

/
.\
V 4 I/l/l"l(/

e B

— 10° prestored patterns simultaneously see each silicon hit
leaving the detector at full speed.

* Track fitting — precise helix parameter & »? determination
— Equations linear in local hit coordinates give near offline resolution:

14
November aPoE Y. @;%; +b;  a & h.ave prestored.constants; VERY fast in FPGA
J=1



Input of Hit Addresses for the 8 layers (from BCID FIFOfDerandomizer)

11-bit buses
Pattern 1| Layer 4 Layer 2 Layer 3 ® ® o | Layer 8 -
/ / / /
2 e o o
[ [ [ [
I | | I
4 e o o -
| | | | C
o .
ot .
i e nac DR e o i i
To Priority
Enoodo:»
» ” 2-IN exclussive NOR and N 0A8
v v v v INT | IN2 | ouT lookup
0 0 1
bit by bit
Comparison | | | 0 1 0
—— gyl IR
Track Pattern " 1 1
N
| D
SET SET SET SET
e o o o
|m |RBET |RESET |RESET
O O U R W INIE
———  8-bit Layer Match Parallel-IN Serial-OUT Shift Register —.
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An Example
Layer 1 001
Data IN
Layer 2 001
One address at a time
010

Layer 3

November 4, 2011

1 2 3
| |
N N |
|
| N
| N
|
| H
| N
Valid Pattern Addresses
Layer 1 2 3
010 000 000 001
T
001 001 010
100 010 100 101
—
011 101 111
101 ¢
i )
° b ¢

Generic RQAM/ Polychronakos

= 10 R, phi, DeltaTheta
Lookup Table
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